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PREFACE 


This report was prepared at the request of the Peruvian 
Ministry of Transportation by Mr. Norman Mayer, specialist for 
lighter-than-air research, National Aeronautics and Space Ad- 
ministration. Mr. Mayer's participation in this effort was 
based upon his international reputation as an acknowledged 
authority in the field of lighter-than-air vehicles. Mr. 
Mayer's association with the National Aeronautics and Space 
Administration does not necessarily imply endorsement of the 
conclusions and recommendations contained herein by the 
United States Government. 
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The potential for dirigibles as transports in the Selva 
Central region of Peru was evaluated by means of a mission 
and economic c?.nalysis. Requirements for the mission and 
data on the Selva Central region were provided by the 
Office of Economic Studies of the Ministry of Transport 
and Communications in Peru. 

A total requirement to transport over 19 million tons (t) of 
agricultural produce, lumber, and meat was projected by 
the year 2004. A primary route involving zones for load- 
ing and delivering this cargo was identified. The com- 
bination of tonnage and route distances requires the trans- 
port system to operate a total of over 400 million ton 

Kilometers • 

Although dirigibles are capable of short field operation, 
all existing airfields must be enlarged in width to allow 
for all conditions of wind and weather and to provide 
space for overnight mooring . A maintenance base and opera- 
tions headquarters, complete with hangar and other service 
facilities would be required. 

The quantities of cargo to be carried establish require- 
ments for fleets of dirigibles of various sizes and 
capacities. Cargo capacities of 5-100 tons were identi- 
fied. Fleet sizes up to 106 dirigibles (in 20 t capacities) 
would be required. 

Dirigibles were assumed to be of the nonrigid type ex- 
cept in the 100 t category for which rigid characteristics 
were assumed. 

A method of determining dirigible costs was developed. 

The values derived were then applied to an economic 
analysis to determine initial investment and operating 
costs. Those values were compared against airplane 
costs operating on the same routes. It was found that 
larger dirigibles of approximately 20 t capacities or 
higher could offer significant cost benefits over air- 
planes, provided cruise speeds were higher than lOOkm/hr. 
Dirigible costs, revenues, and economic benefits for a 
transport requirement of lOOMitonkia are suumiarized in 
Table A. 

It is recommended that the information developed in this 
study be applied to other system studies. Various opti- 
mal options for dirigibles should be further explored and 
initial system and vehicle requirements should be developed. 
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INTRODUCTION 


A Study to evaluate dirigibles as transport vehicles in the 
Selva Central region of Peru was authorized by the Office 
of Economic Studies (O.E.E.) of the Ministry of Transporta- 
tion and Communications, ~ department of the Government of 
Peru. The Selva Central reaches from the eastern side of 
the Sierra (Andes Mountains) to the border of Brazil and 
lies approximately between the latitudes of 8-12° S. Its 
general location and specific details are shown in Figures 
la & lb. It is, for the most part, an undeveloped area of 
tropical jungle, densely forested. A major navigable river 
system flowing mainly north into the Amazon Basin provides 
surface transport in the western portion of the Selva. 

The government has broad plans to develop the Selva and 
exploit its natural resources, including timber from the 
forests and by extensive agricultural development. A major 
obstacle is the lack of a suitable system of transport. 

A number of small settlements exist mostly along river 
banks. Many of these are equipped with landing fields suit- 
able for light aircraft operation. This form of transport 
is the prime means for personal and light cargo movement. 

Air service to these sites is non-scheduled and is usually 
obtained by charter. A major improvement in transport capa- 
bility would be possible if the airfields could be enlarged 
and hardened to accommodate heavier aircraft. However, this 
represents a major undertaking involving high costs and 
the difficulty of transporting construction materials, and 
not justified by present traffic levels or population den- 
sities . 

The use of lighter-than-air vehicles (dirigibles) has been 
suggested as a means of obtaining a large increase in air 
transport capability without the attendant complication and 
expense of major airport improvement, and with possible 
lower operational costs over airplanes of similar capacity. 
This study was undertaken to evaluate this potential, iden- 
tify suitable dirigible sizes and types and determine eco- 
nomic benefits. 

The study was conducted in three phases: 

I Acquisition of basic data and requirements 

II Analysis of dirigible types, sizes, and economics 

III Preparation and Presentation of Report 

The first phase was performed by making a personal visit to 
Peru to meet with members of the O.E.E. and discuss 
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requirements. This was followed by an aerial inspection of 
the Selva Central and an examination of various potential 
operation sites. 

Phase II was conducted using data from the author's files, 
data from dirigible vendors and manufacturers, computer 
analysis of dirigible sizes and performance characteristics 
from the U.S. Navy NAPSAP "^program and the NASA-Goodyear 
developed HLA WBR'*' program, and an integrated analysis of 
all of this information. 

The final phase, the report, was prepared in both Spanish 
and English versions . 

Phase I was conducted between 22 September, and 2 October, 
1981. Phase II was initiated 4 November, 1981, and com- 
pleted 15 March, 1982. 


* NAPS/iJP- Naval Airship Program for Sizing and Performance 
HLA-WER- Heavy Lift Airship- Weight Esthnating Relationships 
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The basic principles of aerostatics are explained in 
Appendix A. The term dirigible is used as described in 
Appendix A, and is meant to include all types of powered 
aerostats . 

Two major types ha^'e been considered: the conventional 

dirigible which derives most or all of its lift from 
buoyancy, and a hybrid which combines static and rotary aero- 
dynamic lift and control. Dirigibles which use vectored 
thrust to assist in take-off or landing are regarded as con- 
ventional unless otherwise noted. These types were chosen 
as most suitable for the mission requirements . They have 
also been the subject of some technology development and 
studies from which much useful data were obtained. 

When conventional dirigibles are in equilibrium, they liter- 
ally float in the atmosphere. However, conditions are sel- 
dom constant for more than a few minutes and most often less 
so that the aircraft will become heavy or light and begin 
to settle to the ground or rise to higher altitude. Station 
keeping over a fixed point is also theoretically possible 
but can be a difficult operation in winds which vary in 
velocity and direction. 

Vectored thrust coupled with forward and reverse propulsion 
can be used for making small corrections in buoyancy and 
position, but major alterations of the dirigible's attitude 
require use of very large forces and consequently much power 
such as is used in hybrid types. On this basis, hovering 
flight for cargo loading or unloading is not considered prac- 
tical for conventional dirigibles. In these cases, landing 
is regarded as the normal procedure. 

When on the ground, it is presumed that conventional dirigi- 
bles are restrained by a ground crew for short periods and 
by a mooring mast for long periods. Cargo loading would be 
considered a long period operation particularly with large 
or complex loads requiring special handling and equipment. 
Some passenger and light cargo loading could be accomplished 
with the aid of a ground crew only. 

The second type of dirigible considered in this study, the 
hybrid, can be designed in many combinations to provide 
various ratios of buoyancy and aerodynamic lift. In this 
study, those which operate at^ (buoyancy values)’'‘of 

4c Gross Lift 

_3_ ^ - Gross Weight 
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approximately 0.5 are the main types considered. These 
types are capable of hovering flight and landing or taking 
off unassisted up to certain maximum wind conditions. 

During flight, the consumption of fuel reduces the weight 
of dirigibles. A static condition close to equilibrium is 
the most desirable at all times for conventional dirigibles, 
since this allows near vertical take-offs, minimum landing 
space, and minimum drag during flight. Therefore, the pilot 
must plan the flight such that the desired conditions are 
maintained or at least approached. This can be done in 
two ways: (1) the static heaviness at take-off can be 
equal to the weight of fuel consumed during flight so 
that landing can occur at or near equilibrium. This re- 
quires a running take-off or the use of vectored thrust. 

(2) An engine exhaust gas water recovery system can be 
used to accumulate ballast and prevent weight loss. The 
hybrid dirigibles discussed in this report do not require 
these adjustments since they operate statically heavy at 
all times. 

Conventional dirigibles must also carry sufficient remov- 
able weight (ballast) so that their total mass remains 
close to the limits discussed above. Thus during loading 
of cargo, ballast must be removed to correspond to cargo 
weight, and in turn, re-installed as cargo is removed. 

If cargo is being transported in both directions, this 
can be the equivalent of ballast provided the quantity 
removed corresponds to the new cargo loaded. Otherwise, 
non-revenue weight must be removed or carried. A con- 
venient form of ballast is water. 

Both conventional and hybrid dirigibles are presumed to be 
equipped with landing gears such that rolling take-offs 
are possible, and where mooring for long periods when the 
aircraft is in contact with the ground is also feasible. 

The trade-off between conventional and hybrid types is 
dependent on mission requirements. Generally, conventional 
types are less expensive to build, require much less power, 
and are more fuel efficient. They are also capable of 
fully buoyant (equilibrium) operation which provides greater 
safety and reliability. Hybrids provide positive control 
at all speeds, are capable of hovering and making some 
cargo pick-ups in the air, and can land and take-off un- 
assisted from unprepared surfaces. 
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Cargoes and Routes 

Rates of production of various crops, timber, and meat 
over a 20 year period beginning in 1985, were provided 
by the O.E.E. (see Appendix B) . These show that a total 
of 19 million tons of agricultural products, 97,000 tons 
of forest products, and 17,000 tons of beef would be ex- 
ported from the region. Present cargoes in or out of the 
region are insignificant compared to these predictions. 
Certain zones for collecting and transporting these car- 
goes wore also suggested by the O.E.E. , these include: Pto. 
Ocopa (or Prado), Puyeni, Ataiaya, Obenteni, Pto. Rico, 

Pto. Breu, and Esperanza, with a terminus for all routes 
at Mazamari. Since it is desirable to keep the flight 
altitude of dirigibles as low as possible for greatest 
efficiency, the elevation of Mazamari was used as a maxi- 
mum airport altitude. Assuming a ground clearance of 
1000 ft., a cruise altitude of 3150 ft. (960m) a.s.l. is 
required. All zones are accessible with this limitation 
except that routes must be chosen which avoid flight over 
terrain of higher altitude. One of these is the route 
from Pto. Rico to Mazamari. Direct flight would involve 
crossing mountains from 2000-3000m high. Therefore, a 
course along the Rio Eno to Mazamari via Pto. Ocopa is 
preferred. This involves a distance of 130km instead of 
95 for the direct route. 

Another problem exists in the route from Obenteni to Pto. 
Ocopa. No low altitude course seems available here. A 
flight altitude, assuming 1000ft. land clearance, or 
4281 ft. (1305m) would have to be maintained. Two alterna- 
tives are possible; one is raising the maximum flight alti- 
tude for the Atalaya-Obenb?ni Pto. Ocopa-Mazamari route. 

The second is reversing the route, starting at Obgnteni, 
flying to Ataiaya and thence to Pto. Ocopa and Mazamari. 

The first alternative allows using the same size dirigible 
as on the other routes but filled with less helium and 
therefore carrying lower payload or using a slightly lar- 
ger dirigible for the same payload. The second choice re- 
quires a longer flight distance - 23fJ vs. 77km. 

With the above limitations in mind, the following primary 
routes were used in the study: 

1. Atalaya-Puyeni-Pto. Ocopa-Mazamari 

2. Atalaya-Obenteni-Pto . Ocopa-Mazamari 

3. Pto. Rico-Pto. Ocopa-Mazamari 

4. Esperanza-Atalaya-Pto . Ocopa-Mazamari 
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G. Pto. BreU“Malaya«Pt-o* Oeopa-Maisamari 

Pitiure 2 shows these routes, dirigible flight diotaneo. 
and relative locations of airports. 

Region export rates and route distances are related to 
vehicle requirements by the term: transport production 

rate. The transport production rates (ton-km) wore 
valeulated for the 20 year period of interest and are 
shown in tables 1,2.3, and 4. The total rates are plotted 
in Figure 3. For each location, the dirigible flight 
route distance was used, with the exception of Obenteni, 
where the higher altitude route direct to Pto. Ocopa was 
assumed . 

It is obvious, from these requirements that a fleet of 
dirigibles would be needed to provide transport service 
to the region. The successive parts of this study are 
based on this assumption. The sisos of the dirigibles and 
numbers used in the fleet are primarily dependent on trans- 
port demand . 

Ai rp orts 

Dirigible operations require the use of a cleared and 
leveled landing site. It is c(,)nceivable that such sites 
could be located in the centers of agricultural areas 
{50 that direct loading and unloading is possible with- 
out need of surface transport. Existing airfields, with 
proper modifications, can also bo used. Figure 4 shows 
the airstrip at Pto, Brou. This is typical of present 
facilities in areas where little development has occurred. 

A more developed site is the airport at Maaamarl, the in- 
tended terminal point for all cargoes. This is shown in 
Figure 5. In this study, it was presumed that some develop- 
i55ent will be required either by enlarging present air- 
fields or by clearing new sites. The former i 55 othod was 
chosen as the least expeiivSivo procedure although the 
differences between both methods are relatively insignifi- 
cant , 

Appendix 0 lists data furnished by the O.E.E. on 71 airports 
in the Selva Central including those identified along the 
primary routes. With a few exceptions, most airports are 
at elevations below the altitude limit noted above. Air- 
ports which exceed the elevation limit are; 
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Alto Pichanaqui, Ko.lpiroshiatO/ Mantaro Chieo, Oxaparapa, „ 

San Ramon, and Zotziquc, However, several of the othero, 
although at low enough altitude, are not directly accessible 
without greatly exceeding the flight altitude limits estab- 
lished for the primary routes, and therefore may not bo 
of interest for dirigible use. 

The airport runways along the primary routes vary from 
300-1500m in length. Conventional dirigibles operating 
at maximum design take-off heaviness require about 3 
dirigible lengths for a running take-off in order to clear 
high end of the runway obatacles such as trees. If an 
airport runway is oriented in the direction of the prevail- 
ing wind, it is possible for dirigibles of any type to land 
with very limited runway widths — assuming the dimensions 
of the field at least exceed those of the dirigible, provided 
there is no shift in the wind direction, and assuming that 
the aircraft is close to equilibrium. While this can bo 
done under these selected circumstances, daily operation 
under varying weather conditions dictates having more 
maneuvering room. Also, unless it can be guaranteed that 
no wind direction change will occur, field widths equaling 
at least 2 dirigible lengths are required for mooring. 

These limitations can be approximately equated to cargo 
capacity and used to identify dirigible and airport size re- 
quirements. All fields along the primary route are of 
sufficient length to accommodate dirigibles up to 10 tons 
payload capacity. Beyond this capacity, some airfields 
must be lengthened. These include: Pto. Breu, Puyeni, a:.d 
probably Obenteni and Pto. Rico. (No data were furnished 
on these two) . Conventional dirigibles which are equipped 
with vectoring propellers may be able to operate within all 
present field lengths, provided that the take-off heavinesses 
do not exceed the availal e vertical thrust. Hybrid dirigi- 
bles would also be capable of landing and taking-off within 
present field lengths. 

Present airport widths are insufficient for all sizes. None 
of the fields on the primary routes meet minimum requirements. 
Two fields, on the list of 71, are known to have sufficient 
width beyond listed runway dimensions (Pucallpa, Shepahua) . 

The modifications of airports on the primary routes required 
for dirigible operations are indicated on Table 5. As shown, 
all airports required only a type B modification (increase 
in width) to accommodate dir;igibles up to lOT payloads. Air- 
ports of higher capacity, will require both type A and B 
modifications. It should be emphasized that these are the 
very minimum dimensions for airport sizes 
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foL’ eoliventiondl dii'lijiblOG. Cux’i.'ont U.d. oporatlona by 
Cioodyeiu" .involvo airportj? (X'or diriiilblea only) of appj*oxi~ 
mately 3 k Llio urea liirlod. lU'itttdi airworthlnooi? i^cquirO” 
moniy , specify lemithi? aa: laHo-ofl diutanee i 200m and 
widUu? ay; diriqible width i 200m. (Thin latter dimenulon 
iH not adequal e for larqe dii iqibles5 and does not a<iree 
with Table f>. 

Since hybridr. are capable oi uiuusyiytod landinq and take- 
off, and of maintaininq a crony wind hover, they would not 
require the yame modificat.lonr. to airfleldy. It miqht be 
ay yumed that carqo would be picked up while hover inq and 
no landing iy required. However, thin procedure iy not 
practical for payyenger operationy or for periody involving 
lengthy loading procedurey. It ir, more convenient to land. 
If a hybi’id fy on the ground v^^ithout power, it muyt be . 
mayted to minimise effecly of croyy w^indy. It way ayyumed, 
therelore, that as; a minimum, all airporty on the primary 
routey would be equipped with mayty. Space for a iixed 
mooring circle may add to the field area required. Figure 
b illuytratey the procedurey utsed by the 2 types oi dirigl - 
bley lor landing under croyy \^?ind eonditiony. In the caye 
of conventional dliigibley, the ship muyt eventually lace 
into the v>rind when all forward ypeed ceayey. TlU' hybrid 
can hold a cror.y v>rind poyltion up to yomo maximum wind velo- 
city, but when on the ground wilhout power, Ihiy can only 
be done \>rith high ytatie heavineyy and undci' low wind 
eonditiony. Oliierwlye, the airci'afl muyt be moored ay 
yhov>rn . 

.dpild ii igiui 

Data indicate that mean temperaturey range from 30. 2*'^ c max. 
to 18. C min. Heavy precipitation during yummer mouthy 
iy experienced. The variouy ratey are yhown in Table b. 
Neither temperaturey nor rainfall preaent any yerlouy pro- 
blem for dirigible operationy. 

Winds con inhibit landing, take-off, and ground operations 
for conventional dirigibles, since control at low flight 
speedy ia difficult. Data on velocity and direction of wind 
were gonerally not available in any usable form for the 
region,, but it is understood that strong winds are unusual. 
Winds during flight only deereaso or incrcvvy.e ground speeds 
and require the expenditure oi, more or less power accord- 
ingly. 
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Ground Facilities 


Dirigible operations require certain minimum facilities 
on the ground. These include: 

1. Ground handling and mooring equipment. 

2. Ballast supply. 

In addition, a complete system operation involves certain 
other facilities: 

3. Base of operations. * 

4. Maintenance base. 

5. Fuel supply. “ 

6. Helium supply 

It is assumed that all airports will incorporate items 
1 and 2. Items 3 and 4 can be at the same airport, and 
could be a combined facility. It is also presumed that 
all fueling will occur at the base of operations and 
none will be required at other route airports. This is 
likewise true for helium. Actual differences from these 
assumptions will not be important to this analysis. 

Handling and Mooring 


In steady winds of low velocity, it is feasible to load and 
unload conventional dirigibles without use of auxiliary 
ground equipment. As a minimum however, a ground crew 
is required to hold the dirigible at one point on the 
field. Loading and unloading large and heavy cargoes 
over long periods of time particularly in unsteady winds 
is generally beyond the capability of ground crews alone 
and auxiliary equipment such as a mooring mast must be 
used. 


A mooring mast is needed at each airport since it is pre- 
sumed that cargo loading will require tethering conven- 
tional dirigibles. Although hybrids may not require masts, 
as the fleet grows, facilities for overnight mooring must 
be provided at most airports since it would not be practical 
to base the entire fleet at one airport regardless of the 
type of dirigible. This means that mooring circles in 
addition to the one assumed to exist at each airport 
must be provided — one for each dirigible. 

A mooring site is constructed by clearing and leveling 
a circular area with a diameter equal to two dirigible 
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lengths. A imst is erected in the center. No special 
ground preparation for the mast assembly is required. 

Mooring masts for normal operations can be fixed and 
located to one side of the operations area (runway) . 
Fixed masts are normally steel towers anehored to the 
ground by guy wires and a base fitting. Figure 7 shows 
a typical mast. Figure 8 lists the characteristics. 

They are usually designed to be disassembled in sections 
and can be transported by ground or air vehicles. When 
a dirigible has landed, it is moved to the mast, which 
is located in the center of a cleared space or "mooring 
circle" . 


Mobile masts are used where more flexibility in ground 
handling is required such as docking and undocking from 
a hangar. Mobile masts also provide the advantage of 
being parked at the side of the airport when not in use. 
These are tetrahedronal shaped towers mounted on a 
wheeled base and towed by tractors. (£iee Figures 9 and 
10) . It is assumed that dirigibles up to and including 
those of 10 ton capacity can ise ground handled with only 
the assistance of a ground crow, and beyond this with the 
aid of mechanical "mules". Mules, as developed for 
naval dirigibles, are four wheel steerable vehicles 
equipped with constant tension winclies fo; holding the 
handling lines of the dirigibles. They are manned by 
two operators. (J8ee Figures 11 and 12). 

thie. r a t ion s. ,a nd_Ma iji tpnance Ra s o 


This base would be the center for all the fleet pro- 
flight preparation and major maintenance. It would bo 
the point for all flight scheduling, fueling, and 
helium roplenislmient. Each dirigible is scheduled for 
a once per year, 3 week period, for major maintenance. 

A complete base would include the following facilities; 


Hangar 

Mobile Mooring Mast 
Fixed Mooring Masts 
Mules 

Service and Maintenance Equipment 
Helium Storage and Supply 
Fuel Storage and Supply 
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The actual sisso and complexity of the maintenance base 
will vary according to the size of the dirigible and 
the number of ships in the fleet. These requirements 
are listed in Table 7. 

Hangars 

A hangar is needed to provide access to the upper parts 
of dirigibles/ and to provide protected facilities for 
assembly and repair. The size of the building depends 
on the number of dirigibles in the fleet. Using the 
3 week period for maintenance, hangars are required 
with the following capacities; 

Required 

No. of Ships in F.leet Hangar Capacity 

1-17 1 

18-34 2 

35-68 3-4 

69-102 5-6 

The hangar must be large enough to allow safe docking 
and undocking. Required land areas or hangar dimensions 
are calculated by: 


A « (I.IL X 2D) N 

Where; A = Total Land Area 

L - Length of Dirigible 
D = Max. Dia. of Dirigible 
N = No. of Dirigibles to be 
accommodated 

The required land area and hangar dimensions are shown 
in Table 8. Mooring circle areas are also shown in Table 

8 . 


Fuel, Oil, Lubricants 

The operation is analyzed as one requiring fueling at 
only one point. The round trip from Mazamari is pre- 
sumed to be made on a single fueling. Therefore, for 
this analysis, the operations base is assumed to be the 
only airport with fuel supply and storage. Operational 
experience may dictate multiple facilities. 
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Ballast 


Each landing site should be equipped to ballast the 
dirigibles as may be required, it is possible that 
most of the time, the desired static condition can 
be achieved by loading cargo, but temporary additional 
weight may be required. Since ballast can be in the 
form of water which is readily pumped into storage 
facilities on board, this facility is easily provided. 

Helium Supply 

It is assumed that all helium is imported. Two pro- 
cedures may be used based on information in Ref. 1. 

The choice depends on the size of the dirigibles and the 
number of ships in the fleet. The first method involves 
importing modules of helium containing 3257 m3 per module. 
At the delivery point, such as the maintenance and opera- 
tions base, the gas is used to inflate the dirigible and 
the modules can be kept on hand to be used for replenish- 
ment. A second method involves building a storage 
facility. This can be a low pressure, large expandable 
tank — or a flexible envelope — or in the form of 
high pressure storage cylinders, which can be supplied 
by the helium distributor. High pressure storage 
requires manifolds for connecting numbers of cylinders 
and a compressor. A fully developed facility would have 
both high and low pressure storage. 
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DIRIGIBLE REQUIREMENTS 


A measure of transport capability is the term: productivity 
(P) . This is defined as; 


Where: v = average route speed 

cl 

Wp = cargo weight 

In the past/ dirigibles achieved productivity values which 
exceeded these of airplanes primarily due to large cargo 
capacity and relatively small route speed differential. 
Later developments in airplanes increased the speed differ 
ential as well as payloads and reversed this relationship. 
Dirigibles are limited by their large hull volumes to low 
speed flight, so that significant increases in transport 
efficiency cannot be gained by raising the speed. If 
attempts are made to fly dirigibles in the speed regimes 
of airplanes, the power required very quickly exceeds 
that of airplanes of comparable capacity. In addition, 
the hull volume for equal payload capacity also grow at a 
rapid rate. An example is illustrated in Figure 13, which 
plots horsepower and volume required against maximum speed 
for 10 ton payloads. 

Productivity values for different combinations of speed 
and payload are shown in Figure 14. This provides a 
useful index for comparing capabilities of various types 
of aircraft. It is a dependent figure of merit since it 
is based on^a, which is dependent on route distance. 

The term ^a can be determined from a calculation of 
block time (^b) . Block time is the total period of 
movement from and to the airport loading ramps, including 
the flight time. 

Airline operations use precise values of block time based 
on traffic statistics for particular routes and airports. 
This is not possible for non-existant routes. Therefore, 
an equation was developed to account for anticipated 
effects on the operation of various types of aircraft on 
the primary routes. The aircraft and their characteris- 
tics are listed in Table 9. 
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REUTION OF VOLUME 8, POWER 
OF DIRIGIBLES VS VELOCITY 
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Block time equals; 
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D + C 


h 


V 


WhoiTc: D = route distance 

G, « eorroetion for climb and 
descent time 

cruise speed at cruise altitude 
v^c: wind speed 
t^j=- time on the ground 

g was assumed to bo 0»25 hours for all aircraft. This 
time includes taxiing to the end of the runway from the 
loading point, taking-off, landing, and return to the 
loading ramp. In the case of dirigibles, it includes 
connecting to a mast, unmasting, positioning the dirigi- 
ble for take-off, take-off, and the reverse operation 
at destination. As route distances become shorter, 
block time differ«3nces between slow and fast aircraft 
diminish. Table 10 compares block times for various 
aircraft now in operation in the Selva Central against 
a dirigible with a design cruise velocity of 100 km/hr. 
Dirigible payloads are also shown in the Table. 

The distance involved represent three legs of the primary 
route from Esperanza to Mazamari with the Esperanza-Atalaya 
leg being the longest and Pto. Ocopa-Mazamari as the shor- 
test. The fourth column is for the case where a dirigible 
is completely loaded at Esperanza and flies directly to 
Mazamari for a total distance of 516 km. As shown, rela- 
tive productivity for dirigibles increases as the distance 
decreases due to the effects of '^a. 

It should be noted that no time is allowed for refueling, 
loading, or unloading. If these times were included, the 
average speeds would decrease for all aircraft, and the 
ratios between the airplanes and dirigibles would decrease 
slightly, assuming that equal time would be needed in 
these operations for all types. The average total route 
distance for all primary routes is 271 km. The average 
leg distance is 117 km. A mean of these two values, gives 
a route distance of 194 km and a route speed ('^a) of 84 
km/hr. for the dirigible. This case is also listed in 
Table 10 along with ratios for payloads with equivalent 
productivity. 

Using this average route speed value, the payload capacities 
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and numbers of dirigibles required to achieve various 
delivery rates can be calculated as; 

N = Q 
qt^ 

Where; N = number of dirigibles 
required 

Q = quantity of cargo to be 
delivered per year ( Tkm< 
q “ delivery capability of 
dirigible (tkm./hr.) 
t. = total flight hours per year 
^ (2800) 

Total flight hours (2800) are chosen on the basis of an 
8 hour/day operation with approximately a 3 week period 
required for major maintenance. This/ by the way, is 
a high utilization rate for short haul services. The 
various numbers of dirigibles required are shown in Table 
11. Dirigible transport capabilities are also plotted in 
Figure 15. 

These numbers signify, for example, that projected 100 M t kn 
cargoes could be transported by a fleet of 22 20t 
payload dirigibles. Each dirigible would be capable of 
delivering at any one time loads nearly equal to those 
carried in L-lOO airplanes. Equal productivity, however, 
would require a dirigible of 90.2 tons payload. The 
cargo requirement for 1985 (100 million tkm) could also ba 
transported by a fleet of 43 lot or 85 5t dirigibles. 

These requirements for various fleet sizes presume that 
the dirigible starts its flight at the point of first 
cargo pick-up. Round trips along each route are not 
included in the route distances or for calculating flight 
time due to the nature of the route. As an example, it 
is not presumed that the dirigible flies from Mazamari to 
Esperanza without cargo and returns with cargo. As a 
refinement, this kind of route analysis can be made 
using different combinations of routes and cargoes. In 
the present analysis, it is presumed that equal loads 
are flowing in both directions — although not necessarily 
the same type of cargo — so that the fleet sizes listed 
are really an indication of the transport capacity for a 
total flight time of 2800 hours per year. 
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In listing these numbers, it seems reasonable that the 
maximum number of dirigibles operating on the primary- 
routes should not exceed approximately 100 duo to prac- 
tical considerations of terminal congestion and ground 
facilities . 

It is also of interest to note that if the needs for 
cargo transport are not achieved immediately, lower 
quantities, for example 50-million ton-Km, could be 
transported by a fleet of 11 20 ton payload dirigibles, 
with a productivity rate approximately equal to De-Havil- 
land Buffalo (DHC-5) airplane. Smaller dirigibles of 
2 and 5t capacities are competitive with the light air- 
craft no\i in use but are capable of delivering signifi- 
cantly larger cargoes at one time. 

No single size of dirigible is necessarily a solution. 

On long flights such as from Esperanza to Mazamari, 
larger dirigibles may be desirable to accoimnodate the 
heavy cargo requirements from the Esperanza zone. Land- 
ing only at Mazamari would favor the overall efficiency 
of the operation and simplify requirements for ground 
handling, etc. at intermediate points. Smaller dirigi- 
bles might prove to be more effective and easier to 
Viandle on shorter routes. Some of the decisions required 
can be made on the basis of the economic analysis which 
follows. Others may be based on less tangible factors. 
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The general character! e-'.:ics of the dirigibles required for 
operation in the Selva Central can be identified/ based 
on the mission analysis. As stated, two major types are 
considered, conventional and hybrid. All dirigibles 
are proposed as nonrigids with the exception of the 
100 ton payload vehicle. This was assumed to be a rigid 
typo because of its size. 

All conventional dirigibles were assumed to have identical 
performance except for their payload capacity. The hy- 
brids were chosen from previous studies with performance 
as close to the ranges of the conventional types. Table 
12 shows the common characteristics for the various 
sizes used in the study. Specific characteristics for 
each type are listed in Table 13. The costs were 
derived from the economic analysis made in the next 
section. Component weights for 5-40 t ships were derived 
through the use of the U.s. Navy NAPSAP computer program. 
It can be noted that a cruise speed of lOQ Kin/hr. is 
listed for all ships. This was: chosen to provide a low 
fuel consumption rate combined with a useful cruise 
speed. The maximum speed of 138 km/hr. provides suffi- 
cient margin for ample take-off power and for operation in 
high head winds. Later in this study, the effects of 
higher speeds are explored. 

Ballonet size on each dirigible allows for the normal 
cruise altitude of 960m with sufficient capacity to com- 
pensate for high ambient temperatures and superheat 
without exceeding pressure height. The ballonet ceiling 
of 2895 m is more or less standard in nonrigid design 
and allows for special missions where higher altitude 
flight is required. As noted, however, the normal pres- 
sure height is 1524 m. 

The values for finess ratio and prismatic coefficient 
are based on conventional dirigible shapes. 

Fuel capacity for 12 hours of cruise at 100 km/hr. is 
sufficient to allow flying the entire longest route 
and returning without refueling. However, sizing and 
performance calculations were based on the median range 
round trip with a reserve of about 22%. This is also 
sufficient for a one-way non-refueled flight over the 
longest route distance. If longer endurance is re- 
quired, then payload would have to be adjusted to allow 
for increased fuel load. All fuel consumption is based 
on use of turbine engines 
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Kloetroniea and other equipment for navicjation and 
eonmiunieation are allowed for in the mission equiijmont 
weiviht specified. 

The loading of cargo could be accomplished through 
the use of modularized container's to minimize the 
time and complexity of this operation. The containers 
would be wheeled or trailored to the dirigible and 
connected to the car structure through the use of 
quick-connect hardware . 

Figure It shows profile views of the various sizes 
of dirigibles studied. Figure 17 illustrates a loading 
procedure . 

The characteristics and weights for the 100 ton vehicle 
were esd Imated by the author. This was presumed to 
hvi V e I o ui' e ng i ne s . 



DIRIGIBLES 


PROPORTIONS 


ORIGINAL PAGE IS 
OF POOR QUAUTY 



5T CARGO 



lOT CARGO 



2QT c^RGO 




lOOT CARGO 


FIG. 16 





ORIGINAL PAGE IS 
OF POOR QUiAUTY 

ECONOMICS 


Accurate analysis of costs for the acquisition and opera- 
tion of dirigibles involves three elements; (1) appli- 
cable data base, (2) current industrial experience, (3) 
mission related calculations. The first two provide 
source material for the third. Unfortunately, neither 
of these sources exist. Dirigible manufacture and 
operations of any significant magnitude in the United 
States were terminated in 1961. Data from these activi- 
ties are not particularly useful since the dirigibles 
were designed to carry complex and expensive electronic 
weapon systems for military use which greatly increased 
the cost of design, construction, and operation. There 
were and are no comparable activities anywhere in the 
world for either civil or military applications. 

Current enterprises are experimental and of limited 
scope. On these bases, economic analyses can be sub- 
ject to some if not considerable inaccuracy. Those 
performed in the study were made with this fact in mind 
and many personal judgements combined with data from 
current activities and estimates from vendors in supply 
industries were applied in an attempt to reach reasonable 
conclusions regarding economic potential. All costs are 
expressed in U.S. 1981 dollars, and all data used were 
modified in terms of this common base. 

The Cost of Dirigibles 

Data from several existing or contemplated dirigibles 
were studied to establish a cost trend for different 
sizes. It was found that this could not be done with- 
out compensating for large differences in performance 
and system complexity. The trends established, using 
data from Table 14, compared with airplanes and heli- 
copters, plotted on the same basis, are shown in Figure 
18. 

In order to establish a more valid approach, data from 
several groups of airplanes were plotted as shown in 
Figure 19. These show a trend opposite to that in 
Figure 18, and indicate that aircraft of similar types 
do not cost more per pound of weight with increasing 
size. The large negative slope for jet transports also 
shows the effects of high production rates. The excep- 
tion seems to be for light airplanes but here again, 
the heavier types in this category generally have higher 
performance . 
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The dirigibles being considered for this study are 
all in the same category of performance except for cargo 
capacity. Therefore, it is reasonable to expect that 
cost per pound should be equal through the entire range 
of sizes, assuming equal production quantities. With 
these trends as an indication, a cost approach was used 
which considers a dirigible to consist of three major com- 
ponents; envelope, airframe and systems, and propulsion. 
This was done on the basis that component costs could 
be more accurately established and components may be 
obtained through separate manufacturers. Thus each 
would already include some profit (to the vendor) . 

Costs for final assembly of the vehicle and some addi- 
tional amounts for administration and profit must be 
added . 

The component costing method is expressed as follows; 


C 


u 



~(a + bfg + df^) WE + cp 

- K 


Where; C = production costs assuming a 

rate is achieved where appreciable 
reductions due to learning are not 
significant . 


^ = Administrative costs and profits 
^1 on final production operations 
(assembly, testing, etc.). 
Evidence from recent projects 
suggests a value of 1.5. 




= Assembly cost factor = .85 


a,b = Cost per kg of envelope and 
airframe .' 


d = Cost per kg of rotor systems 
(for hybrids) 

^1' ^2 ~ Weight fraction of envelope 

and airframe. The airframe in- 
cludes all components and systems 
except envelope and propulsion. 
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P= H.P. 


- Weight fi*action of rotor 
systems (for hybrids) . 

WE = Weight empty 

c = Cost per horsepower of 

engines, transmissions, and 
propulsive units (propellers) . 

The envelope is a component unique to nonrigid dirigibles. 
Cost data for envelopes were used from actual and estimated 
construction costs from recent U.S. and British dirigibles 
and balloons. It was found that a substantial difference 
existed between these two sources . Some of this can be 
explained by variations in design and construction methods 
and the rest by differences in profit and overhead expense. 
The curves shown in Figure 20, were adjusted for these 
differences and represents average international competi- 
tive price levels. The lower limit was used. 

The airframe component is assumed to include all major 
systems except the propulsion system. The structures 
involved are similar to airplanes with two differences: 
they are larger and they are of lighter construction . 

It was assumed that costs for these components would be 
similar to airplane components in the same weight cate- 
gory, i.e. — that portion represented by the dirigible 
weight fraction. 

Airframe costs, including systems, were separated from 
propulsion costs for the airplanes studied to prepare 
the curves on Figure 21. Using these trends as a basis 
and considering the points discussed above, a probable 
dirigible airframe and systems cost curve was estab- 
lished. A band of values is shown in Figure 21, represent- 
ing upper and lower bound estimates . A mean value was 
used to calculate dirigible airframe and system costs. 

Data from Ref . 2 were used to plot cost trends for propul- 
sion systems as shown in Figure 22. 

Component costs were calculated based on the components 
weights derived in the NAPSAP program. An exception was 
the 100 ton payload dirigible. Since this was presumed 
to be a rigid, costs were based on information in Ref. 3. 

Hybrid dirigible costs were derived from a combination of 
the component cost method and data in Ref. 4. 
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FIG. 21 





Total- Svstom Costo 


Total System Costs (C^) can be 
expressed as follows: 

C„ s 

T II 0 

Where: « initial investment 

Cq « Operating Costs 




Initial Investment 


It is obvious from the market analysis that a fleet of 
dirigibles would be required to meet the cargo require- 
ments as :;>rojected for the next 20 years. An operation 
of this magnitude is akin to airlxne service and would 
require a complete transport system including a base of 
operations, a maintenance base, proper equipment at all 
airports on the primary route for handling dirigibles, 
and sufficiently trained and skilled personnel. It is 
likely, however, that such facilities could be acquired 
gradually and expanded as the traffic demands. Opera- 
tions could begin, for example, with a single 5 ton 
dirigible which would be capable of 1 million ton km 
of transport, a level likely to represent initial opera- 
tions or a trial program to evaluate the system. 

It was assumed that the minimum required facilities for 
the primary route are established to begin with, and 
each airport is modified as previously discussed even 
for single vehicle operation. 

This analyses treats the initial investment as distinct 
from operating costs since a number of optionii for finan- 
cing are possible such as; 

1. Conside.ved as basic to the development of the 
region and not charged against the dirigible 
operation. 

2. Partially charged. 

3. Charged completely. 


- 57 - 


op'po^*' >S 
» POOR QUAurr 


**'■> Whatever method is chosen, its impact can be assessed. 

It can also be compared to other system investment 
costs such as: road building, airport enlargement, and 
runway hardening, etc. 

Costs can be expressed as follows: 

= ^v ^ab 

Where: ^jj = Initial investment costs 

= Ground handling vehicle costs 

C = Airport, maintenance and operations 
base cost 

= Dirigible costs 

Cost for all items are based on the references noted. 
Where it was deemed attainable, prices were adjusted to 
reflect benefits of lower labor costs for items which 
could be constructed in Peru, such as mooring masts 
and hangars . 

Ground Handling 

It is possible under favorable conditions to ground 
handle dirigibles of any size with manpower alone, 
and the relatively low cost of manpower in Peru makes 
this the least expensive method in any ase. However, 
me'ohanical equipment, as described in the previous sec- 
tion, provides more reliable and safer operations. It is 
assumed, therefore that ground crews only will be used 
to handle conventional dirigibles up to 10 t payload 
capacity, but that mechanical mules will assist this 
operation for larger sizes. Mules are listed at $380,000 
each. Two are required for 20-40 t dirigibles and four 
for 100 t sizes . 

Hybrid dirigibles normally would not require ground crews 
for landing and taking-off, subject to the limitations 
previously discussed. 


Airport Modification 
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expense. A cost of $1000/ha was used, based on Ref. 5. 
Mooring Sites 

The cost of mooring sites are a combination of land pre- 
paration expense and mast costs . The same rate as for 
airport modification was used for mooring circles. It 
was presumed that mooring sites would be constructed for 
three sizes: 5-10 t payload dirigibles, 20-40t, and lOOt. 

A stick mast was assumed in all cases. No cost distinction 
was made for these, although a slight difference in cost 
depending on dirigible size would actually be the case. 

An average cost of $187,500 per mast was used. 

Hangars 

The cost of a hangar or hangars is assessed on the basis 
of maintenance requirements. It is assumed that each ■ 
dirigible will require a 3 week period per year for major 
maintenance in a hangar. It is assumed that new dirigibles 
are delivered assembled or that sufficient space exists 
in the hangar to allow for their assembly either between 
maintenance schedules for other dirigibles or during 
them, and no additional hangar facilities are needed for 
this function. In all cases a single building was assumed, 
although it may be more practical to consider building 
more than one unit of smaller size. Unit costs for con- 
struction were assumed as $300/m2 based on Ref. 5. 

Maintenance and Operations Base 

Costs chargeable against the base include land clearii.g 
and grubbing for the hangar and mast sites, mooring masts, 
helium storage, ground handling equipment, fire fighting 
equipment, fueling facilities, ballast facilities, and 
space and equipment for management and administration. 

The degree to which any or all of these facilities is in- 
cluded in the cost calculation is dependent on dirigible 
and fleei sizes. Costs associated with the required 
equipment and facilities are listed in Table 15. 

All equipment is considered 'to have an amortization 
life of 30 years with a loan rate of 15%, with the ex- 
ception of automotive equipment which is assumed at 10 
years . 

Initial investment costs for conventional dirigibles 
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COSTS OF FACILITIES 

^^iginal Page »© 


FOR 

OPERATION & MAINTEIii:.,ir 

a 

o 

CO 

LAND CLEARING 


1000/ha 

HANGAR CONSTRUCTION 


300/m^ 

MOORING MASTS 



- MOBILE 


482500-724000 

- FIXED 


187500 

HELIUM FACILITIES 



- GAS 


2 . 65/m^ 

- STORAGE CYLINDERS 


175/cyl 

- COMPRESSOR 


20000 

- MODULES 

(RENTAL) 

85/day/MOD . 

MECHANICAL MULES 


380000 

FIRE FIGHTING EQPT. 


84000 

HANGAR EQUIPMENT 

(TOTAL) 

719000 

HIGH RANGER 

136000 


AUXILIARY GENERATOR 

21000 


GROUND CLOTHS 

5000 


INFLATION NETS 

10000 


INFLATION TUNNELS 

5000 


BOSUNS CHAIRS 

2000 


BLOWERS 

20000 


TOOLS & EQUIPMENT 

500000 


FUEL FACILITY 


92000 

FUEL TRUCK 


63000 

BALLAST FACILITIES 


7000 

ADMINISTRATION BLDG. 


50-100000 


TABLE 15 
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ca.^culated on an annual basis are shown in Figure 
Operating Costs 




Operating costs can be expressed as: 


c 


o 


^lOC '** Soc 


Where; = Indirect operating costs 


Cpoc " Direct operating costs 


Indirect Costs: 


C__„ = 0 +C +C,'t^C +C +C 
IOC vm vs ch gc mo a 

Where: C„_ = Ground equipment maintenance 
vm 

C^g = Vehicle Servicing 

C^j^ = Cargo Handling 

C = Groiind crew 

gc 

C^^ = Maintenance and Operations Personnel 
C = Administrative 

Q. 


Maintenance of ground equipment is equivalent to 10% of 
the initial investment expense (less interest) per year. 


Servicing, ground handling, and cargo handling is assumed 
to be performed by the same personnel at each airport, at 
a salary cost of $ 150/man/month or $1800 per year (Ref. 6) . 


Costs for a total of 

8 crews are as 

follows : 


Airship 

PL(t) 

No. In 
Crew 

Cost/Yr . 


5 

20 

$ 288,000 


10 

30 

432,000 


20 

40 

100 

12 

12 

24 

173, 000^ 
173,000 > 
346,000/ 

mechanical 
mules used 
with crew. 
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Maintenance base personnel are assumed to include the 
following: 

Base Manager - $12,000/yr. 

Assistant - 10,000 

Mechanics - 5,000 

The number of mechanics required is adjusted according 
to the size of the dirigibles and the number in the 
fleet . 

Operations base personnel include: 

Base Manager - $12,000/yr. 

Assistant - 10,000 

Secretary - 5,000 

Staff - 3,000 each 

The number of staff personnel was adjusted in the 
analysis according to fleet requirements. 

Administrative costs are assumed to be equal to manage- 
ment and maintenance personnel costs . 

Annual indirect operating costs for conventional dirigi 
bles are plotted in Figure 24. 

Direct Operatina Costs 


Direct operating costs are a function of the number of 
dirigibles in the fleet expressed in the following 
terms : 


*^DOC ® 


^ ^ ‘"de ^ °od <^1 + =he 


Where ; 


Number of dirigibles 


C^= Flight crew costs (at $12 , 000/annum/person 
C^= Fuel cost (at $1. 25/gal. 

C,= Depreciation (at 8.5% cost of dirigible - 
This assumes a residual value of 15% and 
a 10 year life) . 










!f 
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C Obsolescence & Deterioration (at 
0 . 1 % of annual cost of dirigible) 

= Insurance (at 1 % annual cost of dirigible) 

^ma“ maintenance (based on airplane 

data and adjusted for local condi- 
tions) 

C^e" Helium replenishment (based on loss of 
1/3 dirigible volume per annum) 

The particular values used in this study can be combined 
to give the following expression for DOC; 

DOC = N l^ns + 522q + .0859 C^ + 12.04 WE + 

Where: n = No. in flight crew 
s = Annual Salary 
q = Fuel factor 
C^= Cost of dirigible 
WE = Weight Empty 
-^/■ = Volume of Envelope 


Direct operating costs for conventional dirigibles are 
plotted in Figure 25 for various quantities of dirigibles. 
Total costs are plotted in Figure 26. 

Figure 27 is a plot of costs for equal delivery capability. 
The advantages of large dirigibles are readily apparent. 

The productivity increase provided by the larger size 
illustrates the benefits of the volumetric efficiency. 

The 40T dirigibles can operate at lower total costs while 
delivering equal quantities of cargo. 

This conclusion is violated in the case of the lOOT dirigi- 
ble. This is caused by the change in type. Rigid dirigi- 
bles are more expensive to manufacture and the cost in- 
crease is sufficient to outweigh the aavantages of the in- 
creased lifting efficiency. On this basis, the lOOT 
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dirigible was eliminated from further consideration. As 
was stated earlier, nonrigids were not regarded as a 
suitable type in 100 t sizes and therefore rigid construc- 
tion was assumed. 

The comparisons in Figure 27 also tend to eliminate the 
5t size dirigible as a serious choice since its delivery 
capability and costs make it less efficient than the 
larger dirigibles. However, less tangible factors may 
dictate different conclusions. One of these would be 
an initial low transport demand such as IM tkm which 
could be accommodated by a single 5t vehicle. Other 
factors might include available investment funding and 
the existence of one size vs. one not built. 


In the comparisons and alternatives which follow, the 
5 t and lOOt dirigibles were eliminated from the analysis 
but the above points should be remembered in drawing 
conclusions from this study. 

The assumptions regarding the lOOt dirigible are subject 
to further consideration as well. The initial assumptions 
are based on the fact that the largest nonrigid ever con- 
structed, the U.S. Navy ZPG-3W, had a volume of 42,480 m^, 
and the largest nonrigid designed for Navy service was 
the ZWG at 79,298 m3. Material improvements becoming 
available today would certainly allow larger nonrigids 
or less costly rigids to be built, but it is beyond the 
scope of this study to determine present limits. 

The costs associated with hybrid dirigibles are plotted 
in Figure 28 . Indirect operating costs were assumed to 
be the same or less than those for conventional types and 
are not plotted. 

Costs for acquisition and operation of single conventional 
20 t dirigibles are compared with those for a fleet (43) 
in Figure 29 . It is obvious that while the base and 
facilities costs remain practically constant, the costs 
of dirigibles predominates for fleet quantities. This 
illustrates the high sensitivity of economic analyses to 




1 20T DIRIGIBLE 43 20T DIRIGIBLES 






dirigible costs and emphasizes the care that must be 
taken in determining such values. Possible variations 
and their effects are discussed later. 

It can also be seen (from Figure 28) that hybrid costs 
are approximately double those of conventional types . 

In bd’th cases / the indirect operating costs are very 
small compared ;h investment and direct operating 
costs . 

COST COMPARISONS WITH OIHER AIRCRAFT 


Two airplanes, the DeHavilland DHC-5 and the Lockheed 
L-lOO, were used to compare cost and transport capability 
with the various sizes of conventional dirigibles in this 
study. The same methodology was applied to divide costs 
among initial investments and indirect and direct opera- 
ting costs . The two airplanes chosen are both capable of 
short field take-off and landing and operation from rela- 
tively unprepared fields when lightly loaded, but since 
their performance was analyzed for maximum payloads, it 
was assumed that a hardened runway would be required. The 
•cost of this additional facility was charged against the 
initial investment cost. Data for airport improvement costs 
were taken from Ref. 5. No allowance was made for possible 
additional expense of transporting the materials re- 
quired for the airport modifications. 

Two cases were studies initially: single aircraft opera- 
tion expense and costs for an equal quantity of cargo 
(lOOM tkii) , All cases were based on block speeds for 
the median transport distance (194 km) as previously 
determined. 

It was determined that while total costs for a single 
20t payload dirigible are less than those for the air- 
plane, the transport of lOOM tknwill involve greater 
total costs because of differences in productivity. 

Operating costs will be less for the 40t dirigible than 
for either airplane and less for the 20 t than the L-100. 

Higher Speed Airships 

It was recognized that although a design cruise speed of 
100 km/hr. gave the dirigibles good fuel economy, it also 
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handicaps them in productivity, when compatiSd with air- 
planes like the DHC-5 and L-100. Raising the cruising 
speed increases fuel consumption but, does not appreci- 
ably change size or maximum power requirements for the re- 
latively short range operations involved in these 
missions, as long as the maximum speed is not changed. 
Therefore, the effects of higher cruise speed were in- 
vestigated. New ^a values were calculated for cruise 
speeds of 118 and 136 km/hr. These results, shown in 
Figure 30, clearly demonstrate the benefits of the 
increase. Total costs for the 40t sizes are signifi- 
cantly less than the airplanes. At 13'6 km/hr. both 20 
and 40 t dirigibles have lower total costs than the air- 
planes as well as lower operating costs. 

Lower Fuel Consumption 


Since all of the dirigibles in the preceding analysis 
were assumed to have turbine engines (turboprop pro- 
pulsion) , a case was studied to determine the effects 
of using reciprocating engines. An improvement in total 
costs was shown for the 40 t dirigibles and in operating 
costs for both the 20 and 40 t sizes compared with the 
airplanes. However, these improvements are not as great 
as those derived from higher cx“uising speeds and turbo- 
prop engines. It is cbvious that the optimum combination 
is with reciprocating engines and higher cruise speeds . 

It should be pointed out that most of these cost differ- 
ences stem from the decreased numbers of dirigibles re- 
quired primarily. Therefore the plots of costs for the 
slower dirigibles shown in Figures 23, 24, 25, and 

26 are generally valid. 

Characteristics of these alternate dirigibles are compared 
with the original selections and are listed in Table 16 . 

PEVENIIE COSTS 

Revenue costs are the expenses to the customers using the 
transport service. Certain assumptions were made as 
follows : 

1. Flights out to the supply zone are 50% loaded, 
while return flights are 100%. This gives an 
average load factor of 75%. 
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CHARACTERISTICS AND COSTS 
OF ALTERNATE DIRIGIBLES 



TABLE 16 






















































2 . 


Total costs are charged to the operation^ 
or only DOC and IOC costs. 

3. The higher cruise speed dirigibles were used 
(118 & 136 km/hr.) . 

4. A profit of 25% (before taxes) is assumed. 
Thus revenue costs are: 



Revenue costs in $/t km are listed in Table 17 . 
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There are many variables in this type of mission analysis 
which, if explored, would probably indicate a greater 
number of optimum combinations than the few identified. 
However, time and the general paucity of useful reference 
material did not permit this to occur. Likewise, certain 
economic comparisons such as a road construction program 
in place of the dirigible system was not explored. It 
was expected, however, that some of this comparative data 
may already be established so that dirigible operations 
may be compared against any other system. 


This entire study was based on essentially state-of-the- 
art dirigible technology. This does not mean that 
conventional or hybrid dirigibles exist in the sizes 
identified for the mission needs, but for the most part, 
conventional dirigibles were built in these sizes and 
were of greater complexity than those required here . 

The particular combinations using turboprop propulsion 
would not require any new technology development but 
merely the engineering design required. Turboprops 
were considered since they now represent currently 
available propulsion in the necessary horsepower ranges. 
There are some limited developments occuring in gasoline 
and diesel reciprocating engines, which could be adapted 
for dirigible use, if continued. (Ref. 2, & 7, ) . 


The weight analysis assumed use of design methods and 
materials previously used and did not allow for some of 
the more advanced materials and structural developments 
which are likely to offer reduced weight and hence 
smaller dirigibles using less power. This offers poten- 
tial for shifting the cost comparisons more in favor of 
dirigibles . 

The mission analysis identifies transportation systems 
with little distinction among various types of aircraft 
except the need for airport development. Thus a unique 
and non-competitive requirement for dirigibles did not 
emerge. Dispite this, advantages were apparent. The 
following discussion keeps all of the above points in 
mind. 


Requirements 

This entire study was based on the mission requirements 
provided by the O.E.E.; in essence, the need for a 
transportation system in the Selva Central of sufficient 


- 78 - 


page m 

Op POOR QUALITY 


capacity to move agricultural products and lumber to a 
zone or location from which other transport, such as 
road vehicles can move it to the markets. The projected 
quantity of cargo was of sufficient magnitude such that 
vehicles capable of moving loads in multiples of tons 
are required and fleets of vehicles are needed to meet the 
demand. The various zones of development at present are 
isolated except for small airfields of inadequate size 
and capacity to accommodate large aircraft. 

The evaluation of dirigibles as potential cargo vehicles 
reveals that the Selva region is well suited to their 
operation. Neither altitude or climate would present 
any problem for these aircraft. Present airfields, 
while long enough for operation with 5-1 0-T dirigibles, 
would have to be widened so as to provide a nearly 
square area, and allow room for mooring during loading 
or overnight storage. 

Airport modification could require use of bulldozers for 
removing tree stumps and leveling the land. This equip- 
ment could be flown in by airship under the right condi- 
tions, so that construction of a road or use of river 
transport would not be required. Hardening the airport 
surface is not required as it would be for heavy air- 
planes since little of the total weight of the dirigible 
is born on its landing gear, so that construction be- 
yond the clearing and leveling operation is unnecessary. 

A dirigible using vectored thrust may allow somewhat 
more flexibility for the initial preparatory phase by 
not requiring much additional airport space provided 
that wind and weather conditions were not severe. Like, 
wise, the mooring mast equipment for each location could 
be flown in and set-up while the dirigible waited for 
completion of that operation. 

A more detailed study of each zone should be made to 
determine whether a new landing site should not be 
located right at the farm or at least be dedicated to 
dirigible operations only. 

The most complex aspect is the construction of a main- 
tenance base. The fleets of dirigibles identified 
must have adequate provisions for inspection and main- 
tenance. However, it is possible for an operation to 
start with one or two dirigibles where servicing at the 
mast is only required — provided that the maintenance 
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facility becomes available within a reasonable time 
(6-12 mos.) 

The loading and unloading of cargo in an efficient 
manner is essential to the success of the system. It 
has already been suggested that a modular system be 
used so that containers only are loaded on the dirigible 
by means of some quick connect arrangement. There is 
no doubt that there will also be a number of passengers 
to be transported throughout the area as well as the 
equipment required to develop and implement the agricul- 
tural operation. The design of a dirigible must con- 
sider these needs and allow sufficient cargo space for 
them. 


Dirigibles 

The dirigibles identified by cargo capacity do not 
necessarily need to fall into these groups. A detailed 
design study is required to arrive at optimum sizes to 
satisfy requirements. The characteristics identified 
in this study should serve as a guide for the development 
of specifications. If many of the new technology develop- 
ments now becoming available are applied, the dirigibles 
could be smaller and perhaps less expensive than those 
listed. 

Hybrid dirigibles do not seem to be required since con- 
ventional, hence more economical types, appear to meet 
the requireemtns , Hybrids would offer some advantages 
initially, however. They could be flown into existing 
locations without any prepared landing sites, even 
airfields, being required. They could transport heavy 
construction equipment and place it where it is needed 
without any intermediate mode being employed. It would 
appear then, that at least a single heavy-lift type 
hybrid might be extremely useful during the early stages 
of the Selva development. Their use would be justified 
on the basis of a new capability and not in competition 
with other types. 

Economics 


The various costs and the comparisons established with 
airplanes indicate that the larger dirigibles — 20T and 
above would produce substantial cost savings over air- 
planes while meeting the demands for transport. The 
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analysis showed that a dirigible capable of cruising at 
some speed above the 100 km/hr. originally assumed is 
required to achieve the productivity levels that result 
in real cost benefits over airplanes. For the fleets 
involved, these savings are substantial in terms of 
millions of dollars per year. 

Further economic benefits could result if any of the 
following could occur; 

1. Less expensive dirigibles. 

2. Higher fuel costs. 

3. More efficient dirigibles. 

Less expensive dirigibles are not likely to occur if 
they are purchased from other countries. If some of 
the components can be built and the final assembly can 
be accomplished in Peru, lower costs might be achieved. 

Fuel costs seem to be stable at present. However, if 
further shortages occur and prices rise, the economic 
differences will favor the dirigible. 

More efficient dirigibles can be achieved through tech- 
nology advancement. The stimulus for industry that 
would be provided by a fleet order could in turn pro- 
duce the necessary research and engineering required to 
improve preformance. 

Intangible Benefits 


Direct comparisons among different aircraft are not 
possible without omitting certain characteristics 
which are not comparable. One of these isthe fact that 
the larger dirigible can deliver in one load cargoes 
that may take several trips by airplane. Cargo that 
cannot be divided such as construction equipment (bull- 
dozers) could not be carried at all in some airplanes. 
Likewise, externally suspended loads can be flown by 
dirigible but not by airplane. Thus, even dirigibles 
of smaller sizes than the types identified as most 
economically attractive may be useful in handling certain 
cargoes . 

Dirigibles offer more sarety for crew and cargo in case 
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of a forced landing since ground contact can be made at 
zero forward speed. Thus the chances of fatalities 
are reduced drastically. 

The development of hardened runways for airplane operation 
may have been minimized in the analysis since in most 
places, roads for transport of construction materials 
do not exist. 

The Future 


Since a dirigible industry does not exist, the situation 
is more complex than one where a new airplane requirement 
would be generated and implemented. Several problems are 
involved. One is the general low level of current engineer- 
ing experience. In the case of present activities, the 
experience with small dirigibles and little if any effort 
in design of larger types does not even approach an 
industrial base . A requirement for development of larger 
vehicles would no doubt stimulate companies to re-acquire 
knov/ledge which none existed in this filed but this learn- 
ing experience will be reflected in time and cost. 

A second problem exists in training of pilots and other 
personnel. For the purchase of one or a few dirigibles, 
it can be assumed that pilot and crew training might be 
provided by the producer. Later however, facilities must 
be established for the continuous operation of a flight 
school. If this is considered part of the transport 
system, its cost must be added to the other expenses 
previously listed. 

A mechanism for initiating a dirigible transport service 
must be identified. The most difficult part is the 
'acquisition of the first dirigible. It must be of suffi- 
cient size and have provisons for carrying the kinds of 
cargoes projected. Since the analysis indicates the 
desirability of using vehicles in the 20 tor greater 
category, for economic effectiveness, it is difficult 
to justify use of a smaller vehicle. Yet, since the 
high cargo rates will not be achieved immediately, a 
smaller dirigible would probably be more than adequate 
(as previously noted, a single 5 t dirigible could trans- 
port IM ! t km per year) . This size could be used as a 
combination trial transport and as a training vehicle. 

Later, it would serve as a training vehicle only. Ex- 
perience and data developed from this would be useful 
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in the design of a larger ship. 

None of these additional expenses were included in the 
economic analysis. It doesn't seem reasonable for a 
single system to absorb all of these costs, and if it 
had to, this could be the persuasion against doing it 
at all. A more realistic view might include considera- 
tion of the needs in other countries where similar re- 
quirements from several systems could easily increase 
the numbers of aircraft needed and help to diminish 
developmental costs . 
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CONCLUSIONS AND RECOMMENDATIONS 


The study establishes the general conclusion that dirigi- 
bles can be operated in the Selva Central. Optimized 
combinations of fleet size and dirigible types would 
require more detailed study. These conclusions should 
not be construed as necessarily applicable to other types 
of missions. Specific conclusions are; 

1. Neither weather or terrain in the Selva 
Central would prevent use of dirigibles as 
transports . 

2. Existing airfields would require expansion 
to accommodate conventional dirigibles in 
normal operations. 

3 . Hybrid dirigibles could operate without 
airfields/ but long period operation on 
the ground or mooring would require facili- 
ties similar to those for conventional types. 

4. Conventional nonrigid dirigibles are more 
economical as their size increases. 

5. Conventional dirigibles can perform the 
required transport mission and are cost 
effective (in large sizes) compared to 
airplanes . 

6. Advanced technology would produce positive 
benefits for dirigibles and make them more 
cost effective. 

7. The development and acquisition of the first 
dirigible, and training numbers of pilots and 
other personnel is a problem that must be solved 
before a commitment for full system development 

is made. One possibility exists in multi-national 
requirements for similar systems. 

The following actions are recommended: 

A dirigible transport system requirement should 
be developed. This would include a schedule for 
development of facilities and airfields in the 
Selva Central and specification for suitable 
dirigibles . 


1 . 


2. More detailed data should be obtained on weather 
at the various zones along the intended primary 
route . 

3. Further study comparing the proposed air trans- 
port system costs with analyses of road construc- 
tion and other transport systems should be under- 
taken. 
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APPEMDIX 

B 


• fll- 


ARLA DE E STUD 10 
- Zonas : 


ORIGINAL PAGE 13 
OF POOR QUALITY 


. Pto. Ocopa (Pto, Prado) 
, Puyeni 
. Obenteni 
. Atalaya 

, Pto, Rico (Rfo Ene) 

. Pto. Breu 

Pto. Esperanza 


Rutas Probables : 


R-1 

Atalaya - Puyeni - Pto, Ocopa - Mazamari 


R-2 

Atalaya - Obenteni - Pto, Ocopa - Mazamari 


R-3 

Pto, Rico - Mazamari 


R-4 

Pto. Breu - Atalaya - Ocopa - Mazamari 


P-5 


Pto. Esperanza - Atalaya - Pto. Ocopa - Mazamari 



AREAS POTEMCIALES OE SIEMBRA Y PROGRAI-IA PROPUESTO 
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Inventario, Evaluacidn e Integracidn de los Recursos Naturales de IsZonas: 
Esperanza - Chandles - Yaco y Alto Yurua - Breu, 
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CUADRO NS 1 
INFRAESTRUCTURA AcREA 


ORIOrNAL PAGE IS 
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i 

AERODROMO 

DISTRITO^ 

PROPIEDAD^ 

dimension"^ ELEVAC 
PISTA (PIES) 

T AVION ^ 
AUTORIZ. 

r 

SUPERF. 

% 

J? 







PROVINCIA 

CHANCHAMAYO 






San Ramon 

San Ram6n 

Estado 

800 X 40 

2600 

DC-3 

Arcilla 

Alto Pichanaqui Chanchamayo 

Estado 

1200 X 45 

2900 

Avionata 

Arcilla 

Zotzique 

La Merced 

Particular 

450 X 30 

2475 

Avioneta 

Arcilla 

Ipoki 

La Merced 

Particular 

900 X 80 

1800 

Avioneta 

Tierra 

Yarinaqui 

Chanchamayo 

Particular 

400 X 20 

1200 

Avioneta 

Arcilla 

PROVINCIA 

to 

SATIPO 






Satipo 

Satipo 

CORPAC 

1180 X 30 

2100 

DC-3 

Arcilla 

Pto. Ocopa 

Rfo Tambo 

Particular 

1220 X 45 

1220 

DC-3 

Arcilla 

Mazamari 

Mazamari 

Estado 

1467 X 44 

2150 

DC-3 

Arcilla 

Aoti 

Rfo Tambo 

Particular 

250 X 20 

1650 

Avioneta 

Tierra 

Ashaninga 

Rfo Tambo 

Particular 

380 X 20 

1080 

Avioneta 

Tierra 

Coriri 

Pangoa 

Particular 

300 X 15 

1300 

Avioneta 

Tierra 

Chichireni 

Pangoa 

Particular 

250 X 20 

1400 

Avioneta 

Tierra 

Miaria 

Pangoa 

Particular 

280 X 20 

950 

Avioneta 

Tierra 

San taro 

Rfo Tambo 

Particular 

200 X 25 

1000 

Avioneta 

Tierra 

Quempiri 

Pangoa 

Particular 

300 X 20 

1300 

Avioneta 

Tierra 

Tsotnaveni 

Mazamari 

Particular 

250 X 15 

1500 

Avioneta 

Tierra 

Anapati 

Rfo Tambo 

Particular 

260 X 20 

1000 

Avioneta 

Tierra 

Cotivereni 

Rfo Tambo 

Particular 

930 X 40 

1025 

DC-3 

Tierra 

Pitza 

Rfo Tambo 

Particular 

225 X 30 

2000 

Avioneta 

Tierra 

Rater i 

Rfo Tambo 

Particular 

850 X 40 

900 

DC-3 

Arcilla 

Puyeni 

Rfo Tambo 

Particular 

300 X 20 

1000 

Avioneta 

Arcilla 

Potsateni 

Rfo Tambo 

Particular 

365 X 35 

1174 

Avioneta 

Arenoso 

Camajini 

Rfo Tambo 

Particular 

300 X 30 

1630 

Avioneta 


Saniveni 

Rfo Tambo 

Particular 

300 X 30 

1150 

Avioneta 

Arcilla 

Shevoj a 

Rfo Tambo 

Particular 

300 X 30 

915 

Avioneta 

Arcilla 

Tsitsireni 

Rfo Tambo 

Particular 

300 X 30 

1125 

Avioneta 

Arcilla 

Chamiriari 

Rfo Tambo 

Particular 

300 X 30 

1000 

Avioneta 

Arcilla 

Mayapo 

Rfo Tambo 

Particular 

300 X 30 

950 

Avioneta 

Arcilla 


ORIGINAL PAGE IS 
OF POOR QUALITY 

C 2 


>« % ' 
AERODROMO - 

MSTRITO 

% 

PROPIEDAD 

DIMENSION^ 

PISTA 

ELEVAC 

(PIES) 

T AVION ^ 
AUTORIZ, 

7 

SUPERF. 

IB 

PROVINCIA 

OXAPAMPA ^ 








Pto. Bermudez 

Pto, Bermudez 

CORPAC 

850 

X 

10 

820 

DC-3 

Arcilla 

Iscozacin 

Huancabcunba 

Particular 

1200 

X 

40 

900 

OC-3 

aipio 

P, Victoria 

Pto. Bermudez 

CORPAC 

850 

X 

30 

760 

DC-3 

Arcilla 

Comparachimas 

Huancabamba 








Oxapampa 

Oxapampa 

Estado 

850 

X 

114 

5560 

Avioneta 

Tierra 

La Llobera 

Pto.Bermijdez 

Particular 

500 

X 

10 

954 

Avioneta 

Arcilla 

Anacayali 

Pto.BermiJdaz 

Particular 

450 

X 

15 

891 

Avioneta 

Arcilla 

Cahuapanas 

Pto. Bermudez 

Particular 

380 

X 

20 

775 

Avioneta 

Arcilla 

Shirincamasu 

Oxapampa 

Particular 

550 

X 

20 

1100 

Avioneta 

Arcilla 

San Pablo 

Huancabamba 

Particular 

790 

X 

15 

510 

Avioneta 

Arcilla 

Pto.Chuchurras 

Huancabamba 

Particular 

850 

X 

13 

1089 

Avioneta 

Ripio 

Santoche 

Pto.Bermtjdaz 

Particular 

350 

X 

15 

1148 

Avioneta 

Arcilla 

Villa Rica 

Huancabamba 

Particular 

400 

X 

35 

1175 

Avioneta 

Arcilla 

Rami 

Pto.Bermudaz 

Particular 

600 

X 

27 

900 

Avioneta 

Arcilla 

Esperanza 

(Amuesha) 

Huancabamba 

Estado 

400 

X 

25 

1100 

Avioneta 

Arcilla 

San Jose 

pto. Bermudez 

Particular 

500 

X 

10 

860 

Avioneta 

Arcilla 

San Cristobal 

Oxapampa 

Particular 

700 

X 

10 

900 

Avioneta 

Arcilla 

San Pedro 

Huancabamba 

Particular 

600 

X 

10 

940 

Avioneta 

Arcilla 

San Juan 

Oxapampa 






Avioneta 

Arcilla 

Pozuzo 

Pozuzo 






Avioneta 

Arcilla 

Codo del Pozuzo 

Pozuzo 






Avioneta 

Arcilla 

W 

PROVINCIA 

to 

PACHITEA 








Aguas Calientes 

Pachitea 

Particular 

1025 

X 

100 

528 

DC-3 

Arcilla 

Pto, Inca 

Pto, Inca 

CORPAC 

1000 

X 

80 

585 

DC-3 

Arcilla 

Tournavista 

Hon or i a 

Particular 

1500 

X 

62 

650 

DC-6 

Ripio 

Fundo FI or 

Pto. Inca 

Particular 

550 

X 

10 

850 

Avioneta 

Arcilla 

Sta. Marfa 

Pto, Inca 

Particular 

300 

X 

20 

900 

Avioneta 

Arcilla 

Llulla Pichis 

Pto, Inca 

Estado 

520 

X 

15 

650 

Avioneta 

Arcilla 

PROVINCIA 

CRNEL, PORTILLO 

If 







At a lay a 

Raymond! 

Estado 

1500 

X 

45 

1300 

DC-3 

Tierra 

Aguaytfa 

Aguaytfa 

Particular 

1200 

X 

45 

715 

C-46 

Arcilla 

Los Zorrillos 

Aguaytfa 

Particular 

1352 

X 

48 

700 

C-130 

Comp act ad a 


ORIQINAL' PAGE IS 
^3 OF POOR QUALITY 


\ 

AERODROMO 

-SL. 

DISTRITO 

PROPIEDAD^ 

DIMENSION^ 

PISTA 

ELEVAC r" AVION ^ 
(PIES) AUTORIZ. 

7 

SUPERF, 

El Sepa (Colo 
nia Penal) “ 

Raymondi 

Estado 

1350 X 40 

900 

DC-3 

Arcilla 

Pucallpa Nuevo 

Callerfa 

CORPAC 

2500 X 30 

800 

Boeing 727 Asfalt, 

Pto.Esperanza 

Purus 

Estado 

800 X 14 

394 

DC-3 

Arcilla 

Unine 

Raymondi 

CORPAC 

650 X 10 

587 

Avioneta 

Arcilla 

Sepahua (anti 
guo) 

Raymondi 

CORPAC 

1200 X 30 

886 

C-47 

Tierra 

Sepahua (Total) Raymond! 

Estado 

1825 X 30 

900 

C-130 

Grava 

Bufeo Pozo 

Raymondi 

Particular 

340 X 30 

900 

Avioneta 

Tierra 

Balta 

Purus 

Particular 

400 X 20 

600 

Avioneta 

Tierra 

Chicosa 

Raymondi 

Particular 

300 X 20 

650 

Avioneta 

Tierra 

Intuto 

Tigre 

CORPAC 

2000X 45 

650 

C-130 

Compact. 

Encuentro 

Raymondi 

Particular 

300 X 20 

650 

Avioneta 

Tierra 

Cantagallo 

Callerfa 

Estado 

350 X 35 

• 

IE 

O 

O 

CM 

Avioneta 

Arcilla 

Pto. Breu 

Callerfa 

Estado 

350 X 35 

00 

o 

o 

C-44 

Arc-Aren. 

Yarinacocha 

Yarinacocha 

Particular 

550 X 20 

450 

Avioneta 

Tierra 

San Marcos 

Pto. Balsa 

Particular 

325 X 30 

585 

Avioneta 

Arena 

Jatitza 

Raymondi 

Particular 

300 X 30 

550 

Avioneta 

Tierra 

Ahuypa 

Raymondi 

Particular 

500 X 30 

530 

Avioneta 

Tierra 

Bolognesi 

Tahuania 

Particular 





Culina 

Purus 

Particular 

430 X 40 

525 

Avioneta 

Arena 

PROVINCIA 

LA CONVENCION 






Teresita 

Echarate 

Particular 

1300 X 40 

1968 

Avioneta 

Ripio 

Camisea 

Echarate 

Particular 

400 X 20 

1200 

Avioneta 

Arcilla 

Kolpiroshiato 

Echarate 

Particular 

300 X 30 

2200 

Avioneta 

Arcilla 

Mipaya 

Echarate 

Particular’ 

400 X 20 

1000 

Avioneta 

Arcilla 

Monte Carmel 0 

Echarate 

Particular 

300 X 30 

1800 

Avioneta 

Arcilla 

Pacria 

Echarate 

Particular 

300 X 20 

980 

Avioneta 

Arcilla 

Picha 

Echarate 

Particular 

300 X 20 

300 

Avioneta 

Arcilla 

Mantaro 

Echarate 

Particular 

375 X 20 

3300 

Avioneta 

Arcilla 

Mantaro Chico 

Echarate 

Particular 

500 X 30 

4000 

Avioneta 

Arcilla 

Mi aria 

Echarate 

Particular 

200 X 20 

950 

Avioneta 

Arcilla 


lo 

FUENTE : Direccion General de Transporte Aereo y Oficina de Estadistica. 
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CUADRO N2 

PARQUE AEREO DEL SERVICIO NO'RCGULAR DE TAXI AEREO EN 
SELVA CENTRAL. AL 30. 12.80 


1 

1. 

CAPACIDAD ^ 

1 

COMPARIAS 

AERONAVES 

PASAJEROS^ 

CARGr/ 

OPERACIONES 

SERVICIOS AEREOS, S.A. 






Cessna 206 

5 

5A 

7 

Operative 


Cessna 206 

5 

5A 

Operative 


Cessna U-206 

5 

5A 

Operative 


Cessna U-206 F 

5 

5A 

Operat Ivo 


Cessna A02-B 

9 

162 

Reparac Ion 


Cessna A02-B 

9 

162 

Operative 


Cessna U“206 F 

5 

5A 

Operative 


Cessna U-206 

S 

5A 

Operative 


Cessna U-206 

5 

5A 

Accldentado ^ 
recuperable 


Cessna 206 

5 

5A 

Operative 


Norman Islandez 

9 

120 

Operative 

AEROFLOTA, S.A. 

Cessna 185 

5 

59 

Operative 


Cessna 180 

3 

5A 

Accldnetado 


Cessna U-206 

5 

5A 

Operative 


Cessna 310 

5 

4A0 

Operative 


Beefchcraf C-33 

3 

5A 

Operative 

TRANSPORTES AEREOS 
"EL AGUILA", S.A. 

Cessna kOZ C 

9 

162 

Operative 


Cessna U-206 

5 

5A 

Operative 


Cessna U-206 

5 

54 

Operative 

TRANSPORTES AEREOS 





"UCHIZA", S.A. 

Cessna TN 206 G 

5 

87 

Operat Ivo 


Cessna TU 206 G 

5 

87 

Operative 


!o 

Fuente : Direccion General de Transporte Aereo, Oficina de 


<r 

M 

(TRANSLATION) 

APPmix B ^ 

PBOJaCTEI) LOADS QUALITY 

Page Bl; 1. area of atudy 2, zones 3. probable routes 

p B2:l, potential areas of sowing and programs proposed 2, zone 3* cultivation rice 
5. maize 6, tobacco ?, yucca 8 banana-tree $, pine 10 citrus fruit 11 coffee 12 cocoa 

13 arnotto tree 14 oil producing palm-tree I5 pastures 16 Sources "Report on the 
Evaluation of the Soils and Agricultural Potential of the Central Forest" Dr Hugo 
Villachia 

Inventory, Evaluation and Integration of the N tural Resources of the Zones! Esperanza, 
Chandles-Yaco and Alto Yurua-Breu 

pB3'L excess exportable agricultural products 2, Center: Pto Ocopa-Pto Prado 3« years 
4. cultivation 5« maize 6. tobacco ?, yucca 8, banana tree 9 pine 10 citrus fruit 
11 coffee 12 cocoa 

pB4s 1. excess exportable agricultural products 2, centers Pto Ocopa-Pto Prado 3* years 

4. cultivation 5, maize 6. tobacco 7, yucca 8 banana tree 9. pine 10, citrus fruit 11, 
coffee 12 cocoa 

pB5s 1. excess agricultural products to be exported 2. zone 3* years 4. cultivation 

5. rice 6. maize 7 , tobacco 8, yucca 9* banana tree 10 pine 11, citrus fruit 12 coffee 

pB6s 1, excess exportable agricultural products 2, zone 3» years 4, cultivation 5* rice 

6. maize ?• banana tree 8, pine 9* tobacco 10 yucca 11, cocoa 12 arnotto tree 

pB7s 1. excess exportable agricultural products 2. zone Obentenl 3* years 4, cultiva- 
tion 5* rice 6. maize 7* banana tree 8, pine 9* citrus fruit 10 coffee 

pB8s 1. excess agricultural products 2, Zone: Pto T?ico 3* years 4. cultivation $, rice 
6 maize ?, tobacco 8, yucca 9* banana tree 10, pine 11, citrus fruit 12 coffee 13 cocoa 

14 arnotto tree 

pB9s 1, excess agricultural products 2, zones Breu 3* years 4, cultivation 5* rice 
6 maize 7* banana tree 8, pine 9 coffee 10 yucca 11 arnotto tree 

pBlO: 1. excess agricultural products 2. zones Pto Esperanza 3, years 4, cultivation 
5. rice 6 maize 7. banana tree 8, pine 9* citrus fruit 10 tobacco 11 yucca 12 arnotto 
tree 

pBlli 1, FigureNol.; 2. flow of meat through the center (T.M.) 3, years 

o 

pB12 Figure No 2; 2. forest flows''*’* sawn wood (m"^) 3* years 1985-2004 4, * annual flows 

constant over 20 years 


(translation) 
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Appendix Cj lianding runways in the Central Forest 
Page. Gl/^f'^^airpor^:'^2l’”llifrIc?^'^5^ property k, dimenaions of the runway 5* altitude 
(feet) 6, aircraft permitted 7. area 8, province Ghanchamayo 10, Satipo 
p C2 1, airport 2, district 3* property 4# dinionsions of runway 5* altitude (feet) 

6, aircraft permitted ?. area 8. province 9* Oxapampa 10 Pachitea 11 Crnel Portillo 
03 » It airport 2. district 3t property 4. dimensions of runway 5* altitude (feet) 

6. aircraft pe*'’mitted 7* area 8t province 9t La Convencion 10 Source; General 
Directorate of Air Transport and Statistics Office 

C4; Table 3s Air fleet of the non regular air taxi service in the Central Forest on 
30 December 1980 

It companies 2, aircraft 3t capacity 4t passengers 5 load 6 operations 7t operational 
8. recoverable after accident 9t involved in an accident 10. *^ource; General Direc- 
torate of Air Transport, Statistics Office. 


